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Abstract: Indicator-based tools are widely used for the assessment of farm sustainability, but analysts
still face methodological and conceptual issues, including data availability, the complexity of the
concept of sustainability and the heterogeneity of agricultural systems. This study contributes to
this debate through the illustration of a procedure for farm sustainability assessment focussed on
the case study of the South Milan Agricultural Park, Italy. The application is based on a set of
environmental, social and economic indicators retrieved from the literature review. The framework is
based on three main steps: (i) Data collection mainly through interviews with farmers and institutions;
(ii) data elaboration through an aggregative structure; and (iii) score analysis. The latter step includes
a descriptive analysis that allows a comparison among farms or groups of farms and a principal
components analysis that helps to confirm the dimensions in which indicators were previously
included (components). Results derived from the sampled farms show that the framework can
provide easy-to-read results useful at different levels. The study highlighted the procedures for the
framework construction that is compatible with the region’s context and objectives, using an analytical
approach that aims at the use of balanced features of availability and reliability of data.
Keywords: sustainability assessment; agricultural sustainability; indicators; farm performance;
multi-attribute analysis; data reduction
1. Introduction
Since it was first mentioned in the Brundtland report [1] where sustainable development was
defined ‘a development that meets the needs of the present without compromising the ability of future
generations to meet their own needs’, the term sustainability has been extensively used among the
scientific community for explaining and promoting good practice in farming system management [2].
However, numerous researchers have posed relevant questions about its use and objectives [3]; thus,
the concept of agricultural sustainability is still considered rather vague [4–6].
Despite this lack of agreement, agricultural sustainability assessments usually involve the
evaluation of the typical three pillars of sustainability: environment, society and economy [2,7],
which are used for the evaluation at different scales, ranging from field and farm to regional,
national and even international scales [8,9]. This is a central issue, since different spatial parameters
involve the use of different data and therefore obtain different information.
Focusing on the farm level, various researchers have highlighted some technical limitations of
this concept, particularly:
1. Data collection at the farm level is often carried out through interviews with farmers who
could be reluctant to participate in surveys or who may not have the information required [10].
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In addition, it is sometimes difficult to verify the accuracy of the information provided by
farmers [11,12]. This could be a limiting research factor because of issues of availability and
quality of collected data.
2. The evaluation of environmental, social and economic sustainability of farms involves a wide
range of sustainability themes that are difficult to combine in a unique approach [13,14].
3. Likewise, the heterogeneity of agricultural systems implies that the assessment of agricultural
sustainability requires multidisciplinary approaches that are, however, difficult to apply [8,15].
Despite these difficulties, over the past 30 years many studies have been proposed and several
assessment methods developed, but further efforts are still required for the development of new
interpretive methods, especially in regard to the integration into environmental, social and economic
policy planning [7]. Nevertheless, achieving a single integrated approach seems to be difficult.
The main issues are related to problems of incommensurability between different facets or dimensions
of sustainability [16]. On the consequence, research studies tend to include these three pillars,
treating them separately and with a different relevance [17]. The environmental pillar is more
studied because of the growing sensitivity of the community to ecological issues. On the other
hand, the evaluation of economic and social sustainability suffers from a lack of accepted and
well-grounded frameworks [18]. From the methodological point of view, according to [5], the existing
methods could be categorised by two main interpretative schemes: the goal-prescribing models
and the system-describing models. The goal-prescribing models aim to identify techniques that
should improve agricultural sustainability. The system-describing model looks at the evaluation
of a set of sustainability features of the agricultural activities and aim at identifying strengths
and weakness of agricultural systems, helping in decision-making rather than indicating operative
solutions [13]. Considering the measurement approaches, researchers have developed different
solutions. For instance, multi-attributes, multi-criteria analysis and cost-benefits analysis, fuzzy and
rough-set logic, and life cycle assessment represent an incomplete list of possible methods used in
sustainability analysis [19–23]. In this sense, it is worth underlining that the literature suggests that
efforts should also be focused on combining the different analytical techniques in order to obtain
a valid, unique and robust representation of the agricultural sustainability [19,22,23].
Compared to the existing literature, the present study proposes a system-describing assessment
that uses the farm/local scale because of the possibility this scale offers for in-depth investigation of the
farm environment and economic dynamics. The analytical framework allows to gather the measures
of different facets of agricultural sustainability, and to aggregate them in easy-to-read dimensionless
indicators. In this sense, the goal of this research was to evaluate farm sustainability by offering
an educational tool, named 4Agro, for the assessment of farm sustainability that can be useful for
farmers and policy-makers interested in multi-attribute sustainability assessment. On the other hand,
a possible flawless of the approach is that it requires specific surveying to collect primary data,
generating high costs, relatively small samples and difficulties in repetition over the years.
The survey highlights the procedure for the construction of a farm-level methodology for the
support of stakeholders involved in the area of a specific case study [24]. Starting from an analysis of the
literature, an indicator-based framework has been created for the evaluation of environmental, social
and economic sustainability of farms, with the objective of ranking farms or groups of farms according
to different sustainability objectives, in relation to the needs of the local institution of the case study.
In this view, the model has the aim of simplifying the readability of the results. In the present paper,
results are presented in order to highlight opportunities and limitations of these types of analysis.
The rest of the paper is divided into three further sections. The second section presents the
characteristics of the tool, while the third section presents the results obtained from a case study.
The final paragraph provides some conclusions and reflections on further developments.
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2. Materials and Methods
2.1. Construction of a Framework for Agricultural Sustainability Assessment
Because of the complexity of parameters that describe farm sustainability, their evaluation as
a whole could be expensive and complex [25,26]. The use of proxy variables could therefore be useful
in estimating the multiple aspects of sustainability. The scientific literature refers to these proxies as
indicators, defined as ‘synthetic variables of substitution of other variables that are otherwise difficult
to determine’ [27].
According to this concept, this framework proposes an analytical procedure that starts from
the farms’ data collection. Depending on their nature, these data are converted by indicators into
dimensionless numbers attributed through graduated ranges. Different criteria are applied for different
indicators, according to their nature and the sustainability objective they need to evaluate (please refer
to Supplement 1 for technical details). As explained in the following sections, the authors chose to
use an adapted aggregative structure (Figure 1), which has been already proposed by various studies,
such as the IDEA method [28], the SAFA tool [29] and others [10,25,30]. This type of assessment
of agricultural sustainability of farms allows analyses at different levels, such as analysis between
indicators of the same farms, comparison between farms or groups of farms or score evaluation
analysis through temporal comparison.
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(aggregation of components into environmental, social and economic pillars). This process involves
a four-phase procedure:
1. Phase 1: this is a first elaboration of primitive data that allows to obtain processed data containing
the basic information for the successive elaborations;
2. Phase 2: the calculation of sub-indicators provides integer and dimensionless values of that data
for each farm. Values can range from negative to positive, according to their maximum scores;
3. Phase 3: the calculation of indicators consists of the sum of two or more sub-indicators.
A minimum of 0 and a maximum (variable) score is applied, depending on the case. This way,
maximum scores define the best performance in terms of sustainability [31];
4. Phase 4: the sum of two or more indicators provides the value of components [0 to 50] and,
in turn, each pillar [0 to 250] of sustainability.
At the end of this process, scores of each sub-indicator, indicator, component and pillar are
contained into a score database.
STEP 3—Score analysis. The third step involves statistical elaboration of the scores per farms
according to the following two different approaches:
• Descriptive analysis: this elaboration aims at the exploration of the main characteristics of the
sample by applying descriptive statistics. This approach involves the use of means and standard
deviation of scores between subjects and groups of them. Due to their immediacy, this analysis
also employs histograms and radar charts in order to represent the dimensions of different
attributes controlled;
• Data reduction analysis: indicators used for sustainability assessment may be redundant [13]
and/or correlated [30]. In this view, a data reduction approach may help researchers by
summarising the information contained in the original database. Furthermore, as the aggregative
definition of sustainability components proposed in this framework is subjective, data reduction
through Principal Components Analysis (PCA—[32]) can be used to confirm the dimensions
obtained by the indicators. In the present paper, this data reduction was applied to each pillar by
using the software package IBM SPSS 21.0. The evaluation of the PCA was performed using the
Kaiser–Meyer–Olkin (KMO) measure of sampling adequacy, the Bartlett’s test of sphericity and
the Kaiser criterion [33].
2.2. Selection of Sustainability Indicators
The selection of sub-indicators, indicators and components derived from a literature review is
mainly based on five methodologies: IDEA [28], RISE [34], SAFE [12], SOSTARE [30] and MOTIFS [10].
See [35] for an in-depth analysis of the literature on the sustainability assessment approach at the
farm level. Table 1 summarises information on indicators (see Paragraph 3.1 for more details about
the source of data). The indicators proposed by these methods were placed into sets of sustainability
themes, according to their objectives. Each set was checked for redundancy and, in the case of multiple
choices, indicators were selected through parameters of data availability [12], usefulness for users,
ease of implementation and understanding, high sensitivity to system variations, connection to the
issue they are representing and potentialities of adaptation to different case studies [26]. To establish
whether indicators satisfy these features and indeed if data were available and accurate (issue 1 in
the Introduction), a pilot test was performed on a reduced group of five farms. The method has
educational purposes and its results have not direct effects on both farm and stakeholders choices.
Therefore, issues related to the accuracy of data are mainly related to the knowledge of farmers, instead
their frankness. Following this process, indicators were tested and, when needed, modified with the
objective of reducing the subjectivity of interpretation [36] by finding a match between the needs of
researchers and the stakeholders’ interests [37,38]. The final objective was to reduce the indicators to
a minimum set of variables able to assess as many themes of sustainability as possible [25] (issue 1 in
the Introduction).
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Table 1. The framework: selected indicators.
Indicator Weight Inspiration Data Sources
1-Annual crop diversity 14 Idea, Motifs Questionnaire, SIARL Database
2-Tree crops diversity 14 Idea, Motifs Questionnaire, SIARL Database
3-Animal diversity 14 Idea, Motifs Questionnaire, SIARL Database
4-Safeguard of animal and vegetal diversity 8 Idea Questionnaire, Previous projects
5-Crop rotation 14 Idea, Motifs, Rise Questionnaire, SIARL Database
6-Plot management 6 Idea, Motifs, Rise Questionnaire
7-Ecological buffer zones 20 Idea, Rise, Safe, Sostare Questionnaire
8-Environmental and landscapes safeguard 4 Idea Questionnaire
9-Stocking rate 6 Idea SIARL Database
10-Fertilisation 20 Idea, Motifs, Sostare Questionnaire, SIARL Database
11-Pesticides 20 Idea, Motifs, Sostare Questionnaire
12-Veterinary treatments 3 Idea Questionnaire
13-Management of livestock effluents 7 Idea Questionnaire
14-Soil management 20 Idea, Sostare Questionnaire
15-Water resource management 20 Idea, Rise, Sostare Questionnaire
16-Organic matter management 10 Idea Questionnaire
17-Energy dependence 25 Idea, Rise, Sostare, Safe, Motifs Questionnaire, SIARL Database
18-Renewable energy 25 New Questionnaire
19-Quality of the products 20 Idea, Safe Questionnaire
20-Rural buildings 12 Idea, Motifs Questionnaire
21-Landscape and territory 18 Idea, Motifs Questionnaire
22-Short food supply chain 30 Idea Questionnaire, Previous projects
23-Related activities 20 Idea Questionnaire, Previous projects
24-Work 25 Idea Questionnaire, SIARL Database
25-Sustainability of the employment 15 Idea, Safe Questionnaire
26-Training 10 Idea Questionnaire
27-Livestock management 25 New Questionnaire
28-Associations and social implications 15 Idea Questionnaire
29-Cooperation 10 Idea Questionnaire, Previous projects
30-Waste management 15 Rise Questionnaire
31-Accessibility to the farm spaces 10 Idea Questionnaire
32-Sustainable use of materials 15 Idea Questionnaire
33-Education 10 New Questionnaire
34-Value of production 30 Motifs, Sostare Questionnaire
35-Added value 20 Rise, Safe, Motifs, Sostare Questionnaire
36-Farm ability to generate income 25 Motifs, Sostare Questionnaire
37-Income per family worker 25 Sostare Questionnaire
38-CAP independence 25 Idea, Safe, Sostare Questionnaire, SIARL database
39-Autonomy 25 Idea, Safe Questionnaire
40-Diversification of the production 30 New Questionnaire
41-Business diversification 20 Idea, Sostare Questionnaire
42-Multifunctionality 50 New Questionnaire
Following the same procedure, the weighting of indicators is derived from researchers’ choices
based on the knowledge and the requirements of the case study [39]. As highlighted in Section 3.1,
the case study used for the construction of the present framework belongs to a delimited area in
which the local institution has carried out specific instruments in order to reach specific environmental,
social and economic performances of the agricultural activities. Although this assumption is not
supported by all authors (e.g., [5]), our decision was based on the fact that indicators cannot be
considered equally relevant with reference to agricultural sustainability [28], and some researchers
believe that weighting all the indicators in the same way could lead to even worse results [40].
The framework aims at the evaluation of farm sustainability, combining the larger set of farm
characteristics (issue 3 in the Introduction) available for the present case study (see Section 3.1).
In this view, it seems useful to underline the decision to whether to calculate some indicators not
bound to some farm features. Thus, in the present case study, indicators related to the breeding systems
(9, 12, 13, 27 and 32) were removed in the case of no-livestock farms. To achieve the same max score of
each component (50), the residual indicators were re-balanced.
The following sections describe how the literature review could be used to create a new method
focusing on a specific case study. The sections summarise the environmental indicators (from 1 to
18) and components (from ENV_1, to ENV_5), the social indicators (from 19 to 33) and components
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(from SOC_1 to SOC_5) and the economic indicators (from 34 to 42) and components (from ECO_1
to ECO_5).
2.2.1. Environmental Indicators
Scientific literature on environmental sustainability mainly focuses on the principle of similarity
to nature and the preservation of agroecosystems in the long term [41,42]. According to this concept,
a farming system is environmentally sustainable if it protects the natural resources provided by the
ecosystem, such as biodiversity and water, soil and air quality [43]. Obviously, the safeguarding of
agricultural ecosystem services involves limiting the possible adverse impacts of agricultural practices
on the preservation of natural resources [44,45].
ENV_1—Diversity. This component aims at the assessment of the degree of plant and animal
diversity of a farm. Among the reviewed methods, RISE and MOTIFS only include the rate of animal
and vegetal diversity of farm production. On the contrary, SOSTARE and IDEA also evaluate the
natural biodiversity of farms, using the evaluation of non-crop vegetation, while SAFE uses criteria
pertaining to habitat conservation.
Since an indirect measurement of biodiversity is provided by the following component ENV_2,
this component follows the theory proposed by IDEA and MOTIFS, evaluating livestock and plant
diversity. Therefore, the component accounts for diversity within farms and within animal and plant
species used in each farm (Indicators 1, 2 and 3), with a specific measurement considering the presence
of endangered plant varieties and livestock breeds (Indicator 4).
ENV_2—Organisation of spaces. Following the framework proposed by RISE, IDEA and
SOSTARE, this component is a proxy for farmers’ choices regarding the use of land, which is linked
to the reduction of soil erosion and the proliferation of parasites, improving landscape quality and
natural habitat maintenance [46–48].
For farms, this regards issues related to crop rotation (Indicator 5), plot size (Indicator 6) and
the presence of environmental elements such as hedges, rows, resurgences and water meadows
(Indicator 7).
The percentage of farm surface belonging to protected areas (e.g., Natura 2000, national or regional
parks) provides an indirect assessment of the environmental and landscape safeguarding (Indicator 8).
Finally, the stoking rate of a farm (Indicator 9) aims at the measurement of its space valorisation
and the autonomy in forage production.
ENV_3—Agricultural practices. Obviously, agricultural practices directly affect environmental
performances of farms. Concerning the use of fertilisers and agrochemicals, IDEA, MOTIFS and
SOSTARE propose an indirect measurement of their effects on the soil, while SAFE and RISE use
a direct evaluation of soil quality, proposing an overall evaluation of some chemical and physical
soil parameters.
In this research, because of the choice of gaining data primarily from questionnaires,
the framework proposes the evaluation of the use of fertilisers (Indicator 10) through the calculation of
the nitrogen balance at the farm level (units of N per-Ha of used agricultural area).
Similarly, the use of agrochemical treatments (Indicator 11) and veterinary substances
(Indicator 12) is derived from information provided by direct interviews. This component includes
an additional evaluation of the presence of effluent treatments, if any (Indicator 13).
ENV_4—Natural resources. This component aims at evaluating the impacts of agronomic
operations on soil quality (Indicators 14 and 16) and water use (Indicator 15).
The management of soils and, indirectly, their quality is strictly dependent on farm practices.
In this field, due to the primary role of the use of fertilisers and agrochemicals, SAFE and MOTIFS
do not provide any additional evaluation. In contrast, in this framework, the procedure follows
RISE, IDEA and SOSTARE, which also consider factors that include soil cover, tilled area and farming
operations in general.
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The management of water resources involves both quality and quantity characteristics:
consumption, irrigation systems, chemical and physical parameters. This framework is in line
with IDEA, MOTIFS, RISE and SOSTARE, which consider irrigation systems and their use of water,
including efficiency, without considering any measurement of the quality of water, which would
require direct measurements.
Finally, because the measurement of air quality is relevant at larger spatial levels (regional or
higher), the present framework follows the approach adopted by SOSTARE and RISE, avoiding
its evaluation.
ENV_5—Energy. Concerning energy management, although the calculation of the amount of
energy inputs is a shared evaluation, only MOTIFS and SAFE also provide an evaluation of the use of
renewable resources.
In this framework, the total amount of energy input (Indicator 17) is derived from the conversion
of fuel, nitrogen, animal feeding, gas and electricity into energy fluxes (Mj/ha), applying similar
indicators proposed by IDEA, MOTIFS and SOSTARE.
Furthermore, a second indicator has been added to evaluate the use of renewable resources and
systems for energy saving (Indicator 18) [49].
2.2.2. Social Indicators
Despite the growing recognition of the role of agriculture in safeguarding the social heritage
of territories, their culture and traditions, the assessment of social sustainability has received less
attention than that of environmental and economic sustainability [50–52]. This may relate to the
fact that the perception of social issues is heterogeneous and causes a lack of conceptual clarity [13].
In addition, the assessment of social sustainability is particularly dependent on the local context and
its socio-political goals [17]. Nonetheless, researchers have identified a wide range of social issues
in agriculture, mainly represented by the connection between rural area and citizenship [53] and the
multifunctional role played by agriculture [54].
SOC_1—Quality. The evaluation of the quality of farm’s food products (Indicator 19) takes into
account the Protected Denomination of Origin (PDO) and the organic products as important means
that contribute to a higher social acceptance of agriculture and its production systems [55]. Due to
the data requirement, this framework does not consider the measurement of the intrinsic quality of
products, as proposed by SAFE, which, on the contrary, includes issues related to their safety, security
and diversification.
The evaluation of the quality of the landscape involves both ecological and social topics.
The methodologies IDEA, SAFE and MOTIFS put these evaluations in the social pillar because of the
positive or negative externalities in the social acceptance of farming in rural areas, while SOSTARE,
which does not include any social evaluation, provides similar indicators that are otherwise categorised
within the environmental pillar.
In this framework, the functional and aesthetic roles of rural buildings (Indicator 20) and the farm
landscape (Indicator 21) have been included into the social pillar because of positive or negative social
externalities for the rural areas [51].
SOC_2—Short supply chain and related activities. Among the most important roles recognised
by consumers of farmers is the participation in short food supply chains [56], which allows tradition to
be maintained [57] and to support the local economies and trust producers [58,59]. Because of that,
these activities are depicted by RISE and IDEA as relevant factors pertaining to the social inclusion
of farms.
Thus, this component aims at the assessment of farms’ short chain systems such as direct sales,
online sales, ethical purchasing groups, farmers’ markets, restaurants, shops and canteens (Indicator 22)
and the presence of activities related to agro-tourism and educational activities organised by farmers
(Indicator 23), following the approach proposed by IDEA.
Resources 2017, 6, 60 8 of 21
SOC_3—Work. All the reviewed methods, except SOSTARE, provide an assessment of work
conditions. This topic involves both external and internal factors that include the quality of life of
family and non-family labours (SAFE and IDEA), the equality of retribution (RISE), the professional
pride of farmers (MOTIFS) and innovation through training and research (IDEA).
The indicator 24 proposes a framework for the evaluation of the employment in agricultural
activities as a relevant indicator for the social development of rural areas, where the level of
employment has fallen considerably in the last decades [47,60,61].
Demographic characteristics of workers such as their nationality provenience, age and gender
(Indicator 25) and their training level (Indicator 26) should also be considered as a key aspect for the
growth of the agricultural sector [62].
SOC_4—Ethical and social developments. Among the most important ethical issues related to
agricultural activities, animal welfare is today a primary concern of society [63]. Thus, IDEA and
MOTIFS fit the assessment of animal welfare in the social pillar because of its ethical value [64].
Nevertheless, these issues also involve ecological themes; because of that, subsequent updates of RISE
will include it in the environmental pillar [34], following SAFA guidelines.
In the present framework, we decided to include this assessment into the social pillar because
of its social relevance for the objectives of the institution of the case study. Due to the complexity of
these issues, the use of a single approach to evaluate different types of livestock is difficult. Therefore,
this framework proposes the new Indicator 27, which is based on a diversified evaluation in relation to
the most important livestock of the farm (cattle, pigs, poultry, sheep/goats) through the calculation of
livestock units (LSU).
Finally, human development is measured by farmers’ attitudes towards participation to
association of producers (Indicator 28) and supply chain cooperation (Indicator 29) as relevant
attributes for the innovation of agricultural systems and human development in rural areas [28].
SOC_5—Culture and education. Some ecological (Indicator 30) and cultural aspects (Indicator 31)
also indicate the social responsibility of farmers [12]. In this sense, the autonomy in feed, fertilisers,
water, seed provision (Indicator 32) characterises the resilience degree of a farm in different economic,
environmental and social changes [28]. In addition, the workers’ education levels provide an important
parameter (Indicator 33) for the social growth of agricultural areas [12].
2.2.3. Economic Indicators
The economic sustainability of agricultural activities is considered a basic constraint for the
survival of farm systems over time [65]. In recent decades, this aspect has become more relevant
because of the reduction of public support to agriculture and the intensification of global trade
for agricultural commodities. Consequently, farmers are facing increasingly difficult decisions for
improving the levels of competitiveness and profitability of the traditional agricultural production [66].
ECO_1—Economic viability. The measurement of the economic state of a farm through the
evaluation of its most relevant economic parameters has a primary role.
This component takes into account the Value of Production (VP) (Indicator 34), i.e., the amount
of the value of goods and services produced by a farm during a year, and the Added Value
(Indicator 35), i.e., the increase in value generated from the production process to the value of
intermediate consumption. According to SOSTARE and MOTIFS, the value of production is measured
in relation to the used agricultural area, while the value added is measured in relation to the agricultural
working unit.
ECO_2—Persistence. Especially if the farm is small or medium-sized, the amount of income
derived from the family’s workforce acquires more importance. This may have an impact on its ability
to endure over time thanks to the continuity of family work.
The selected Indicator 36 is derived from the framework proposed by SOSTARE through the
calculation of the amount of the household income through the ratio between Earnings before Interest,
Taxes, Depreciation and Amortization (EBTDA) and VP.
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Similarly, Indicator 37 is based on the ratio between the sum of EBITDA and the income derived
from public subsidies of the Common Agricultural Policy (CAP) and Family Working Unit (FWU) [28].
ECO_3—Independence. The economic autonomy of a farm has important reflection on its capacity
to introduce innovation and create new workplaces [67]. Firstly, with the reduction of public founding
for agriculture in Europe, dependency on public support is a crucial issue [30]. The methodologies
IDEA, SAFE and SOSTARE consider this attitude through the evaluation of the relevance of CAP aid
on the economic performances of farms.
In this sense, this component evaluates the economic incidence of the public subsides over farm
income (Indicator 38) and proposes a further indicator for the evaluation of financial autonomy of the
farm, accounting for the total amount of contracted loans (Indicator 39).
ECO_4—Diversification. The dynamic character of a farm can be measured by its capacity to be
resilient following quick changes in the market. In this case, diversification of farm activities, products
and services (IDEA and SOSTARE) could play an important role in the competitiveness of a farm [58],
because the more specialised the farm, the more exposed it is to financial risks [28].
In the present framework, this component provides the evaluation of the number and relative
importance of products and services sold by the farm (Indicator 40) and its business portfolio
(Indicator 41).
ECO_5—Multifunctionality. Following the concept of diversification, a farm’s resilience to
economic volatility also depends on its multifunctional features.
According to this concept, the economic weight of non-agricultural products and services such
as agro-tourism, restaurants, bed & breakfasts and educational farms are relevant parameters for the
evaluation of its multifunctionality (Indicator 42) [68,69].
3. Results and Discussion
3.1. Data Collection
The survey was carried out in the region of the South Milan Agricultural Park (Parco Agricolo
Sud Milano, PASM, Figure 2). The park is located on the Po plain (Northern Italy) and involves
around 40,000 hectares of the peri-urban area of the city of Milan. Although most of the farms have
an intensive production system, they are characterised by a wide range of land, livestock and economic
dimensions [51]. The most representative crops are maize, rice and grassland, while the main livestock
are cattle, poultry and pigs [54].
This research involved a set of 50 farms (Table 2). This sample does not aim at being a subset
of the whole set of farms (about 1000), but rather was created with the objective of assessing farms
with as many different characteristics as possible. In this way, an initial dataset containing all existing
farms (1012 according to the SIARL (Lombardy Agricultural Information System) database in 2014)
was created beforehand and subsequently, several sub-sets were created considering the farm size, the
type and the main production, the geographical location, the economic size and the related activities.
Farms were placed into homogeneous pools according to their characteristics. Within each of these
sets, the final group of the sampled farms was created taking into account also the willingness of
farmers to respond to interviews and to provide some administrative information. The collection of
farm data started from the already available sources (the SIARL database and other PASM’s projects),
while the remaining data were retrieved through interviews with farm owners via questionnaires.
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3.2. Score Analysis
3.2.1. Descriptive Analysis
Table 3 provides the descriptive indicator statistics, components and pillars for the whole sample
of farms. Because indicators could involve different a range of scores depending on their weight,
in order to help readers, the means were coupled with a percentage expressing the relative value over
the maximum boundary.
Table 3. Statistics of scores of indicators, component and pillars of the whole sample of farms (n = 50).
Sustainability Attributes Level
Range Mean SD Min Max
Min Max Val. % Val. Val. Val.
Environment Pillar 0 250 95.1 38.0 21.8 61 158
ENV_1—Diversity Component 0 50 16.2 32.4 8.7 2 40
1—Annual crop diversity Indicator 0 14 6.1 43.6 3.7 1 14
2—Tree crops diversity Indicator 0 14 3.4 24.0 3.9 0 14
3—Animal diversity Indicator 0 14 6.0 43.1 4.9 0 14
4—Safeguard of animal and vegetal diversity Indicator 0 8 0.7 9.0 1.5 0 6
ENV_2—Organisation of spaces Component 0 50 17.2 34.4 6.0 6 32
5—Crop rotation Indicator 0 14 2.4 16.9 3.3 0 14
6—Plot management Indicator 0 6 5.6 94.0 1.1 0 6
7—Ecological buffer zones Indicator 0 20 5.3 26.5 3.1 0 12
8—Environmental and landscapes safeguard Indicator 0 4 2.8 70.0 0.8 0 4
9—Stocking rate Indicator 0 6 1.2 20.7 2.1 0 6
ENV_3—Agricultural practices Component 0 50 25.4 50.9 6.4 13 39
10—Fertilisation Indicator 0 20 9.3 46.4 5.4 0 17
11—Pesticides Indicator 0 20 13.6 68.1 3.2 9 20
12—Veterinary treatments Indicator 0 3 2.1 70.0 1.0 0 3
13—Management of the livestock effluents Indicator 0 7 0.5 6.6 0.7 0 3
ENV_4—Natural resources Component 0 50 25.3 50.6 8.4 11 47
14—Soil management Indicator 0 20 10.6 53.2 4.5 0 20
15—Water resource management Indicator 0 20 8.1 40.7 4.8 5 20
16—Organic matter management Indicator 0 10 6.5 65.2 3.2 0 10
ENV_5—Energy Component 0 50 10.9 21.8 5.3 2 21
17—Energy dependence Indicator 0 25 7.1 28.4 5.1 0 17
18—Renewable energy Indicator 0 25 3.8 15.2 2.9 0 10
Society Pillar 0 250 106.9 42.8 43.4 37 220
SOC_1—Quality Component 0 50 22.0 44.1 8.8 11 47
19—Quality of the products Indicator 0 20 3.3 16.6 6.7 0 20
20—Rural buildings Indicator 0 12 7.1 59.0 2.1 0 11
21—Landscape and territory Indicator 0 18 11.6 64.7 3.7 4 18
SOC_2—Short supply chain and related
activities Component 0 50 16.7 33.5 14.4 0 50
22—Short food supply chain Indicator 0 30 11.8 39.4 10.9 0 30
23—Related activities Indicator 0 20 4.9 24.6 5.7 0 20
SOC_3—Work Component 0 50 23.5 46.9 10.4 5 42
24—Work Indicator 0 25 13.7 54.9 6.3 5 25
25—Sustainability of the employment Indicator 0 15 4.4 29.5 3.1 0 12
26—Training Indicator 0 10 5.3 53.2 3.7 0 10
SOC_4—Ethic and social development Component 0 50 19.2 38.5 11.5 0 42
27—Livestock management Indicator 0 25 10.8 43.3 9.1 0 22
28—Associations and social implications Indicator 0 15 7.0 46.5 4.9 0 15
29—Cooperation Indicator 0 10 1.4 14.4 2.0 0 8
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Table 3. cont.
Sustainability Attributes Level
Range Mean SD Min Max
Min Max Val. % Val. Val. Val.
Environment Pillar 0 250 95.1 38.0 21.8 61 158
SOC_5—Culture and education Component 0 50 25.5 50.9 9.2 6 44
30—Waste management Indicator 0 15 6.9 45.7 3.7 0 15
31—Accessibility to the farm spaces Indicator 0 10 6.8 68.0 3.6 0 10
32—Sustainable use of materials Indicator 0 15 6.8 45.6 5.1 0 15
33—Education Indicator 0 10 5.0 49.6 2.3 0 8
Economy Pillar 0 250 141.5 56.6 27.7 80 196
ECO_1—Economic viability Component 0 50 35.4 70.7 9.4 12 48
34—Value of production Indicator 0 30 20.5 68.3 4.1 9 25
35—Added value Indicator 0 20 14.88 74.4 5.6 0 23
ECO_2—Persistence Component 0 50 30.60 61.2 12.1 0 45
36—Farm ability to generate income Indicator 0 25 11.5 45.8 5.9 0 21
37—Income per family worker Indicator 0 25 19.1 76.6 7.7 0 25
ECO_3—Independence Component 0 50 41.4 82.9 5.6 24 50
38—CAP independence Indicator 0 25 19.6 78.2 4.6 0 25
39—Autonomy Indicator 0 25 21.9 87.5 5.1 0 25
ECO_4—Diversification Component 0 50 19.5 39.1 7.1 8 42
40—Diversification of the production Indicator 0 30 11.8 39.5 3.6 6 22
41—Business diversification Indicator 0 20 7.7 38.5 4.8 0 20
ECO_5—Multifunctionality Component 0 50 14.6 29.2 16.8 0 50
42—Multifunctionality Indicator 0 50 14.6 29.2 16.8 0 50
The indicators 9, 12, 13, 27 and 32 refer to sustainability of breeding activities, thus the values refer to calculation
over this specific subset of farms (n = 31).
The architecture of the model allows the user to perform a detailed analysis of the different
aggregation levels, depending on the objective of the survey.
For a visual representation of results, the use of radar charts is particularly useful when the
study aims at the comparison among farms or is carried out on the same farm for different years of
analysis [27,39]. To offer some examples of possible applications, in Figure 3, farms are compared
among homogeneous groups. This approach, which has also been applied in other similar studies
(e.g., IDEA, RISE, SOSTARE and MOTIFS), is particularly useful at the educational level and for
promotional purposes.
Results of comparison between average scores of 41 conventional farms and nine organic farms
are shown in Figure 3a. According to [30], organic farms achieved higher scores in any environmental
component, with exception of the ENV_5—Energy (11.1 vs. 9.7), probably because a larger size of
farms has a positive impact on its energy efficiency. Similarly, higher scores of the organic farms
in the components SOC_1—Quality of the products and the territory (37.7 vs. 18.6), SOC_2—Short
supply chain and the related activities (29.0 vs. 14.0) and SOC_3—Work (30.9 vs. 21.8) are a direct
consequence of their higher attitude in regard to multifunctionality. These aspects also involve the
components SOC_4—Ethic and human development (27.4 vs. 17.8) and SOC_5—Society, culture and
ecology (33.2 vs. 23.8), as confirmation of the higher level of culture, education and training required
for the practice of organic production. On the contrary, the organic attribute does not seem to lead to
better economic performances since the ECO_1, ECO_2 and ECO_3 components of conventional farms
achieved higher scores.
Similarly, the average scores of 35 multifunctional farms were higher when compared to the
15 non-multifunctional farms (Figure 3b). These results are probably due to their direct contact with
consumers [70], which does not seem to influence the economic components. From an environmental
point of view, multifunctional farms achieved higher scores only in the first two components
(18.7 vs. 12.2 in the Diversity component and 18.1 vs. 15.1 in the Organisation of spaces component).
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This probably means that the multifunctional attribute does not lead to a better use of inputs (fertilisers,
agrochemical, energy, etc.), but it reflects on the quality of the landscape and the environment.
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In Figure 3c, the SO (SO: Standard Output. It is a monetary measure (€) that gives a value of the
economic size of farms.) parameter enables the classification of farms on the base of their economic
size. In line with the findings of [47,62], the framework has shown higher economic performances
of farms with a higher value of SO. This is probably due to the existence of economies of scale in
agricultural productions [71] but, according to [72], it has only some reflection in the environmental
and social components (SOC_3—Work particularly).
Since the SO values are strictly correlated to the farm size, similar results were observed in the
analysis of the land size (Figure 3d).
This representation of results mainly has an educational function. Nevertheless, when the
comparison is carried out on the same set of farms for different years, these types of assessment may
provide a way to verify the capacity of policies (especially locals) to improve the sustainability of
the area. The present research has been conducted on a single year of analysis; thereby, in order to
show a possible approach for the comparison of different scenarios, Figure 4 presents the hypothetical
effects of the process of Greening on environmental sustainability [12], since our data refers to the
year 2013, during which Greening was not yet approved by the EU Parliament. This was done in
order to adapt the farms to the two main Greening constrains: the crop diversification (EU Council
Regulation 1307/2013, article 44) and the Ecological Focus Areas (EFA, EU Council Regulation
1307/2013, article 46). Therefore, seven environmental indicators (1, 2, 5, 6, 7, 14 and 17) have
been recalculated. The analysis has been carried out on the average scores of the 23 farms that are
affected by the new CAP 2014–2020, which are presented by two profiles, from “Farms before Greening
adaptation” to “Farms after Greening adaptation”. This way, the environmental profiles of these
farms have been modified in order to reach compatibility on Greening through the simplest way
(introduction of new nitrogen-fixing crops tackers and the increase of buffer strips). Figure 4 shows
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the comparisons of results among these farms and the farms that, on the contrary, do not need any
adaptation: the organic farms (9), the rice farms and farms with less than 10 ha of arable surface (18)
(Greening exempted farms). Results show an overall improvement in the scores of farms that are
required to adapt to Greening. However, it is interesting to note that in three out of five components,
farms that are exempted from the Greening reach significantly lower scores than other farms, even
before the adaptation to the Greening by the other farms. This means that, for the present sample of
farms, the constraints imposed by the Greening have a significant effect on the sustainability of farms,
but not on those that needed more improvements.
3.2.2. Data Reduction Analysis
A Principal Components Analysis (PCA—[32]) was carried out on the mean scores of the 50 farms
in the indicators composing each pillar, considering the components belonging to different pillars
as different by nature. The indicators related to livestock management (9, 12, 13, 27, 32) have not
been included in this analysis because it was necessary to compare livestock and non-livestock
farms. Components were extracted and rotated using the Varimax method in order to facilitate the
interpretation. Furthermore, we considered all the variables that scored more than 0.500 as being
relevant for the definition of a component.Resources 2017, 6, 60  14 of 21 
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Environmental pillar. Starting with 15 variables, the cumulative percentage of variance of the
first five components accounted for a total of 67.52% of the overall variance (Table 4). The first
principal component (21.29%) associated indicators 2—Tree crops diversity (0.811), 5—Crop rotation
(0.794), 1—Annual crop diversity (0.681), 11—Pesticides (0.600) and 7—Ecological buffer zones (0.577).
These five variables characterised this component with the attribute of diversity. In fact, the higher
values of variables that characterise this component was obtained by organic and multifunctional
farms, while conventional farms were poorly represented. The second principal component accounted
for 15.78% of the total variance. It opposed indicators 10—Fertilisation (−0.775) and 17—Energy
dependence (−0.815) to indicators 3—Animal diversity (0.688) and 16—Organic matter management
(0.591). In this case, livestock farms achieved higher scores due to their higher performances in
the animal diversity indicator and the higher use of organic fertilisation. Consequently, these four
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variables characterised the component of the attributes of livestock management represented. The other
three components were difficult to identify because they were poorly characterised by well-defined
attributes. The third component (11.91%) opposed indicators 15—Water resource management (0.666)
to Indicator 8—Environmental and landscape safeguard (−0.720). The fourth component (9.59%)
opposed Indicator 6—Plot management (0.656) to Indicator 18—Renewable energy (−0.767). The fifth
component (8.95%) opposed Indicator 4—Safeguard of the genetic diversity to Indicator 14—Soil
management (−0.817).
Table 4. Principal components of the PCA on the environmental indicators.
Indicator
Principal Component
1 2 3 4 5
1 Annual crops diversity 0.681 −0.040 0.523 0.022 0.114
2 Tree crops diversity 0.811 −0.019 0.049 0.181 0.074
3 Animal diversity 0.111 0.688 −0.341 0.065 0.186
4 Safeguard of animal and vegetal diversity 0.448 −0.117 −0.181 0.212 0.671
5 Crop rotation 0.794 0.082 −0.009 −0.099 −0.109
6 Plot management 0.155 0.168 −0.085 0.656 −0.045
7 Ecological buffer zones 0.577 −0.043 −0.213 −0.384 −0.050
8 Environmental and landscape safeguard 0.129 0.067 −0.720 0.186 0.091
10 Fertilisation 0.279 −0.775 −0.041 0.089 0.129
11 Pesticides 0.600 0.357 0.394 0.065 −0.229
14 Soil management 0.396 0.060 −0.141 0.117 −0.817
15 Water resource management 0.274 0.144 0.666 0.312 0.195
16 Organic matter management 0.352 0.591 0.396 0.150 −0.165
17 Energy dependence −0.086 −0.815 −0.093 0.027 0.085
18 Renewable Energy 0.234 0.265 −0.064 −0.767 −0.075
Rotation method: Varimax with KMO normalisation. Percentage of variance per Component: 1 = 21.29%; 2 = 15.78%;
3 = 11.91%; 4 = 9.59%; 5 = 8.95%; Cumulative = 67.52%.
Social pillar. The PCA carried out on the 13 variables of the social pillar (Table 5) accounted
for 74.49% of the overall variance. The first principal component (21.38%) associated indicators
31—Accessibility to the farm spaces (0.836), 23—Related activities (0.773), 28—Associations and
social implications (0.658), 26—Training (0.605). This variable underlined the typical characteristics
of multifunctionality, by which the social contributions of the farm-related activities are associated
to the needs of providing skilled jobs. The second component (18.91%) was defined by indicators
25—Sustainability of employment (0.797), 19—Quality of the products (0.769), 30—Waste management
(0.712) and 33—Education (0.673). In this case, the higher scores reached by farms that produce certified
products (in particular organic) contributed to the definition of the component with the attribute of
high quality products. The third principal component (13.38%) associated indicators 24—Work (0.904)
and 22—Short food supply chain (0.601). The component is characterised by farms with a high rate of
multifunctionality and short sale channels, such as direct sale and other related activities, which also
means a higher need of workforce in relation to the farm’s land size. Therefore, it could be defined
by the attribute of Short chain. The fourth component (12.29%) associated Indicator 29—Cooperation
(0.851) to Indicator 22—Short food supply chain (0.548) and acquires the definition of association and
cooperation. The fifth is a residual component (8.53%) defined by Indicator 2—Rural buildings (0.807).
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Table 5. Principal components of the PCA on the social indicators.
Indicator
Principal Component
1 2 3 4 5
19 Quality of the products −0.008 0.769 −0.027 0.423 −0.180
20 Rural buildings 0.144 0.081 0.080 0.207 0.807
21 Landscape and territory 0.427 0.204 0.240 0.090 −0.450
22 Short food supply chain 0.252 0.176 0.601 0.548 0.179
23 Related activities 0.773 0.060 0.364 0.231 −0.081
24 Work 0.209 0.165 0.904 0.068 −0.053
25 Sustainability of the employment 0.250 0.797 0.175 −0.123 −0.037
26 Training 0.605 0.336 0.384 −0.211 0.317
28 Associations and social implications 0.658 0.097 −0.132 0.442 −0.002
29 Cooperation 0.145 0.117 0.134 0.851 0.150
30 Waste management 0.046 0.712 0.321 0.134 0.161
31 Accessibility to the farm spaces 0.836 0.164 0.213 0.030 0.106
33 Education 0.537 0.673 −0.058 0.104 0.138
Rotation method: Varimax with KMO normalisation. Percentage of Variance per Component: 1 = 21.38%; 2 = 18.91%;
3 = 13.38%; 4 = 12.29%; 5 = 8.53%; Cumulative = 74.49%.
Economic pillar. The PCA carried out on the nine variables of the economic pillar was
characterised by three principal components (Table 6) that accounted for a total of 73.18% of the overall
variance. The first component (36.78%) associated indicators 35—Value added (0.951), 37—Income per
family worker (0.936), 34—Value of the production (0.905) and 36—Farm ability to generate income
(0.742). This component clearly represents the economic value of profitability. The second component
(20.68%) associated indicators 4—Farm business diversification (0.907), 42—Multifunctionality (0.760)
and 40—Diversification of the production (0.650), which attributes to this component the typical
features of diversification. Finally, the third component (16.73%) opposed Indicator 38—CAP
Independence (0.680) to Indicator 39—Autonomy (−0.824), which has also led to renaming this
component Financial autonomy. This is an interesting result and underlines that in our sample, there
is an indirect relation between attribute of autonomy and independence from the CAP subsidies.




34 Value of production 0.905 −0.128 0.064
35 Value added 0.951 0.000 0.207
36 Farm ability to generate income 0.742 −0.014 0.333
37 Income per family worker 0.936 −0.134 −0.150
38 CAP independence 0.346 −0.056 0.680
39 Autonomy 0.006 −0.034 −0.824
40 Diversification of the production 0.042 0.650 −0.280
41 Business diversification −0.102 0.907 0.004
42 Multifunctionality −0.165 0.760 0.325
Rotation method: Varimax with KMO normalisation. Percentage of Variance per Component: 1 = 36.78%; 2 = 20.68%;
3 = 16.73%; Cumulative = 74.19%.
This statistical analysis showed a high variability within farms regarding sustainability and,
in many cases, systems belonging to different categories exhibited similar strengths and weaknesses,
while comparable farms sometimes showing opposite results. This is probably due to a high
heterogeneity of the sample under analysis.
Results derived from the PCA showed that the economic pillar was described by three components,
while the environmental and social ones were characterised by five components. This is due to fact
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that there is more correlation within economic indicators than within environmental and social
indicators. This also suggests that the use of such a reduction technique as a complementary
approach to descriptive statistics is suited for the understanding of the underling phenomenon.
In fact, when multiple variables are used to measure an object, there are two potential outcomes:
most of the variables are correlated or some subset of the original variables may show some correlation
patterns. This case is most common in agricultural sustainability studies where the correlations of the
variables are unknown; when this situation occurs, PCA is normally used to explore the correlation
patterns within the original set.
In addition, the principal components do not fully recover the indicators associated into categories
(components) that were considered a priori. Moreover, only 1 out of 37 indicators was not relevant in
the 13 components derived from the PCA. Nevertheless, this demonstrates that the majority of the
initial indicators and components were important to describe the observed variability among farms
and that they were not redundant. This could be interpreted as an important sign of sensitivity of the
framework, able to assign values of sustainability in relation to the real value of a farm, not following
its descriptive information such as the type or production, the land size, etc.
This statistical approach was aimed at providing a way to reduce data necessary for the analysis
and, consequently, the number of questions to farmers. This approach could be more useful in
case of enlargement of the survey to a larger set of farms of the same area. In this case, it seems
appropriate to underline that the results of this data reduction approach depend on the heterogeneity
of characteristics of farms of the case study and, consequently, on the quality of the sampling process.
Consequently, since the simplification process is dependent on the case study, an in-depth analysis
should be considered. In this case, a valid way to check the significance of the statistical approach
could be the test of the tool on a different set of farms.
4. Conclusions
The present paper proposed an approach to the evaluation of farm sustainability.
The survey has shown that approaches of farm ranking could provide information at the
educational level. Nevertheless, the research highlighted their usefulness also at the institutional level
to establish the effect of policies on sustainability. In this sense, it might be interesting to use these tools
to evaluate the effects of environmental, social and economic measures provided by policy makers on
the performances of farm sustainability over time.
From the methodological point of view, the survey highlighted the procedures for the construction
of this framework highly compatible to the context and objectives of a circumscribed region. In this
view, the tool was tested on different farms belonging to the area of the PASM.
The method proposed here has also allowed the use of the same approach for different farming
systems, using a framework of indicators for the evaluation of the wider range of environmental,
social and economic sustainability of farms. Nevertheless, some adaptations and compromises were
necessary in order to fit the framework into the characteristics of the farms of the case study [34],
which depends on the heterogeneity of the sample. These procedures mainly involved operations on
the farms’ databases and a re-balance of indicators.
As already stated by previous surveys [10,30], even in this case study, the goal of obtaining
accurate farm data was a primary task that outlined the problems of availability and sensitivity of
the gathering of information. Considering as mandatory the choice of data sources that, in this study,
were mainly provided by interviews and questionnaires, an analytical approach was here proposed
in order to reduce the amount of data need for the elaboration. The main objective was to reach an
ideal balancing between quality and quantity of information and its cost. Nevertheless, the approach
of data reduction proposed in this study was based purely on statistics and no other indication has
been taken into account, such as the time and cost of obtaining information or the willingness of the
farmers to be interviewed and provide farm data [60]. These parameters are, however, difficult to
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implement in an analytical framework, and their relevance is very subjective since it highly depends on
the case study.
Finally, given that the farmers’ interest in sustainability can vary significantly [37,73], these types
of assessment often suffer because of a lack of interest from farmers. Because of that, an appropriate
solution could be to find a way to use the data necessary for the calculation of indicators to provide
more concrete information at the farm level [37]. To reach this goal, the method proposed here is now
implemented into an online application, called 4Agro (available on http://fouragro.iambientale.it/
and, soon, http://www.cittametropolitana.mi.it/parco_agricolo_sud_milano/) by which each farm
of the PASM can perform a self-evaluation of its performance, starting from data already contained
into the SIARL database. On the consequence, the application is able to perform a quick evaluation
of farms (from 30 min to 1.5 h) applying the method described in this paper. Besides the values of
indicators, 4Agro is able to link the sustainability assessment with the more practical information
useful for farmers, such as the Common Agricultural Policy payments, the Rural Development Plan,
local trademarks, etc.
Supplementary Materials: The following are available online at www.mdpi.com/2079-9276/6/4/60/s1,
Supplement 1: Technical details.
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